We consider under what conditions any narrow neutral resonance, particularly the recently reported state c(2.2), could be a Higgs particle, either a fundamental boson or a composite Technicolor state. A number of tests are summarized including what is expected in T decay, bquark decay, 2' decays, branching ratios and properties of t(2.2) decay, and production at hadron machines. Implications for the standard model, Technicolor, and Supersymmetry are discussed.
Introduction
As is well known, the Higgs sector of the Standard Model' is not understood.
Fundamental or composite Higgs particles could exist at any mass; some new physics must exist, but there need not be any light particles. (For recent reviews, see Ref. 2.) If physical Higgs particles exist, some of their properties are uniquely determined, and others have several alternatives. They must have spin zero, but they can be scalar or pseudoscalar. In the simplest model, with a single Higgs doublet, the Higgs must be a scalar and the Higgs-fermion coupling must be proportional to the fermion mass since this coupling is the source of the mass term. Then the decay of a Higgs to f f has a rate aryHO+fJ)=
(1) giving I' s 10 eV for mH -1 GeV and rnf -100 MeV. That is, for Higgs masses in the GeV range, the Higgs width will be far narrower than the resolution of normal particle physics experiments.
Consequently, any newly discovered resonance whose width is narrower than the experimental resolution should be considered as a possible candidate for a Higgs, and should be studied in that context. Higgs physics is too important to not take any possible instance seriously, even if it may not be a likely one. In this paper we carry out that analysis for the recently reported3 state 5(2.2), whose width is presently consistent with experimental resolution. Clearly every effort should be made to detect a small width -with present experimental limitations perhaps a width as small as 10 MeV could be detected. In addition, it is obvious that the spin measurement is also very crucial. 
The above branching ratio already implies the t(2.2) cannot be the This has several implications for b and 'I' decays which we will explore below.
In arbitrary twoHiggs models or in Supersymmetric theories, such a ratio of vev's can be quite natural. In Technicolor theories of the simplest sort there is only one scale, but in more complicated versions the couplings to ordinary fermions results from a mass matrix diagonalization which can introduce factors -~-that enhance or suppress couplings by the needed amounts. Thus on the basis of the presently available information, ((2.2) is a viable candidate for a Higgs particle in any approach beyond the Standard Model with a single doublet.
Most of our analysis, apart from specifics due to the observation of t(2.2) decay into KsKs, applies very generally to any present or future candidate for a Higgs particle in the mass range below about 10 GeV.
Decays of c(2.2)
If ((2.2) is a Higgs particle one can perform several tests, in addition to the spin and width measurements mentioned above.
(a) Since the couplings should be proportional to masses, one expects
The l/3 is a color factor. Since the current quark mass ma ranges from about 150
MeV to about 300 MeV, one expects a branching ratio from about 4% to 16%.
Observation of a /J+P-signal would make the Higgs interpretation a rather likely one. However, in complicated models (which contain many more parameters) it is technically possible to construct couplings which are not strictly proportional to masses, so the absence of a p+p-signal does not rigorously exclude the Higgs interpretation. odd parity), and K* K* (whose branching ratio should be somewhat greater than K K due to spin counting). One can determine the parity of the K* K* state by comparing9 the K* and K* polarizations, which tend to be perpendicular for the pseudoscalar case and parallel for the scalar case. This leads to a correlation for the azimuthal angle between the two K* --+ Kn decay planes which can be easily measured. It is entirely possible (see discussion below) that the Higgs particle is not a definite parity state, so it is very important to look in K*I? and K*K* for signs of a parity mixture -such a signal would guarantee for a spin zero particle that one is not seeing a strong decay, and would make ((2.2) a very strong candidate for a Higgs particle.
Production of c(2.2)
There are several other ways a Higgs candidate with mass below 10 GeV could be detected immediately or in the relatively near future.
(a) Most important is that in general the neutral flavor-changing decay b -+ s + Ho is expected to have a large branching ratio. It has been calculated rather generally in models with two Higgs doublets by Hall and Wise.lO The answer depends on several things.121 One is the ratio of vev's discussed above, which we denote by q; which is measured in the decay $J + qH". (We assume that this ratio is the same for the t-quark coupling to @ as for the charm coupling to Ho, i.e. flavor independence.) If the ((2.2) is identified as the Ho, then we can atake this ratio as known (i.e. q2 = 10). The answer also depends on rnt and on the mass of the charged Higgs which is always present when two or more Higgs _ doublets exist. For a large range of parameters and q2 m 10, the branching ratio for b -+ sH" is on the order of 50% (!), so one would expect a very large rate for b -+ 3 strange particles, and a branching ratio of order 5% for b + sp+p-.
These numbers hold for typical rnt 2 20 GeV, except that for a narrow region where mH& 21 5mt 2 rnw a cancellation occurs and the rate can be considerably 
with similar results for T', T . " Interestingly, the effect of the vev enhancement for charm (a factor of 10 in BR if the ((2.2) is a Higgs boson) can lead to either enhancement or suppression in T decay. In one class of models6 one vev gives mass to all quarks (the other Higgs doublet is decoupled from the quark sector).
-a-Then, all f 7 Ho couplings are enhanced by the same factor and one expects an enhanced rate BR(T + rt(2.2)) N 2 X 1C3 . Type I
Presumably either by t + K+K-, KsKs, or p+p-this should be observable.
However, in a second class of models' one vev gives mass to up-type quarks (u) and the other to down-type quarks (d). Then if the u ii Ho coupling is proportional to an enhancement factor of q, the d ;i@ coupling is proportional to q-l and one expects BR(T + ~((2.2)) N 2 x low5 Type II islIt is interesting to note that in models with one Higgs doublet, the transition b + s + Ho is in general substantially suppressed (see Ref. 12) . One reason is that the strength of the Higgs-fermion coupling is fixed (i.e. q = 1). However, in both the one and two doublet models, this rate is proportional to m:. So, if --a light Higgs particle is found, the t-quark mass will be severely constrained.
which may difficult to observe. 
Because of this situation, searching for c(2.2) in T(T', T") decay

Implications for Current Ideas
If any Higgs particles were found it would, of course, be of the greatest importance for the development of particle physics. A very light Higgs with a mass in the few GeV range would strongly constrain ideas since it does not arise natu-rally in many approaches. As we discussed above, only approaches equivalent to a model with more that a single Higgs doublet could give the required branching ratio enhancement. In supersymmetric theories at least two Higgs doublets are required to give mass to up and down type quarks,22 so a Higgs interpretation for c(2.2) could be accommodated. However, the ratio of vev's cannot be easily made to go in the direction to enhance the charm coupling-it naturally goes the other way (due to a heavy top quark).= In addition, 'n 1 many models, the mass scale for
Ho is rnw rather than O(1 GeV) (note, h owever, the model of Kounnas et a1.23
where a light Higgs boson in the 3-6 GeV range is predicted!). Consequently, while supersymmetric theories technically could deal with 5(2.2), they could not do so without considerable manipulation, and none of the present approaches to models are of the necessary form. Occasionally, one finds models involving elementary Higgs bosons in which one of the Higgs particles is a pseudo-Goldstone boson. The prime example of this is the axion -which occurs in models employing the Peccei-Quinn symmetry -~-to solve the strong CP problem.27 Axions are expected to be much lighter than t.he ((2.2) although occasionally one finds models predicting an axion in the GeV range. 28 In any case ( assuming CP-violating effects are small), the axion coupling -to fer-mions must be pseudoscalar. Therefore, the c(2.2) cannot be an axion.
Finally, other approaches to Higgs physics such as compactification2g naturally give Higgs masses of order rnw rather than light Higgs, so the appearance of a light particle would be a puzzle.
Comments
If any state can be interpreted as a Higgs particle it must have a number of properties and satisfy a number of conditions; we have summarized those that we are aware of in this letter. As we have hinted, even if c(2.2) has a narrow width, spin zero, and a significant j~+p-decay, it will be difficult to sustain a Higgs interpretation in the context of currently known extensions of the Standard doublet because of the large branching ratio in $ decay, and perhaps because of its light mass. If the t(2.2) is a Higgs scalar in a multi-Higgs model, then it is surprising that it has not appeared in b-quark decays. However, the fact that it is not accommodated easily in any present approach to physics beyond the Standard Model may say more about the approaches than about the ((2.2). But because of the great significance of Higgs physics, every effort should be made to test whether ((2.2) or any other future candidate could be a Higgs particle.
